The inner ear is a suitable system to study the mechanisms involved in the speci®cation of different functional domains during morphogenesis. Using single and double in situ hybridization (ISH) we show that three transcription factors (Otx2, Gbx2and Pax2) and a member of the ®broblast growth factor family (Fgf8) could participate in the compartmentalization of the otic vesicle and in the formation of the acoustic-vestibular ganglion. q
The various steps leading to the formation of the otic vesicle have been analyzed by classical histological methods (Alvarez and Navascue Âs, 1990; Mayordomo et al., 1998) . Within the otic epithelium two main regions progress during development: the ventromedial region giving rise to the cochlea, and the laterodorsal region forming the vestibular sensory organs (Knowlton, 1967; Fekete, 1996; Morsli et al., 1998; Torres and Giraldez, 1998) . Moreover, starting at stages 15±17 of Hamburger and Hamilton (1951) , some migrating cells detach from the otic vesicle to form the acoustic-vestibular ganglion (AVG) (Alvarez et al., 1989; Hedmon and Morest, 1991) . Next, we describe the expression pattern of Otx2, Gbx2, Pax2 and Fgf8 during the stages where these processes are taking place in the otic vesicle.
At stage 10 ( Fig. 1) , a large area of the ectoderm (facing the future rhombomeres 3±6) expresses the genes Pax2 and Gbx2 simultaneously (Fig. 1A,B) . The two genes de®ne very precisely the otic territory both in its rostro-caudal and medio-lateral extension (Fig. 1A,B H ), although some transcripts extend to more lateral ectoderm (epibranchial placodes). At this stage, the otic placode is Otx2 negative (Fig. 1C,C H ). Otx2 transcripts are found in the ectoderm rostral to the Gbx2 domain (compare Fig. 1B with Fig.  1C ), a situation which mimics that observed in the neural tube (Hidalgo-Sa Ânchez et al., 1999a) . Fgf8 is detected with low levels in the otic placode and strongly in the epibranchial placode and the pharyngeal arches ( Figs 1D±D H ). Once the otic placode invaginates to create the otic vesicle (stage 14) Gbx2 transcripts ( Fig. 2A ) becomes restricted to its medial region, in contact with the neural tube. The lateral region lacking Gbx2 transcripts is positive for Otx2 (Fig. 2B) . However, Otx2 and Gbx2 positive domains are separated by an area negative for both genes ( Fig. 2A,B) . Pax2 still labels the whole otic epithelium although this expression is higher in medial than in lateral regions (Fig.  2C ). Pax2 and Fgf8 also express in non-otic regions of the embryo (Fig. 2C,D) . Thus, at stage 14, these genes already de®ne three distinct domains: (i) the lateral one expresses Otx2 and low levels of Pax2; (ii) the medial one expresses Gbx2 and high levels of Pax2; and (iii) the area between these two domains, both Otx2 and Gbx2 negative and expressing high levels of Pax2. The lateral and medial domains roughly coincide with the future vestibular and cochlear regions in the inner ear (Li et al., 1978) .
This situation is maintained until the otic epithelium separates from the cephalic ectoderm to become the otocyst and the cochlear and vestibular regions are neatly distinguishable (Knowlton, 1967) . At this moment Gbx2 and Otx2 transcripts still de®ne two exclusive territories (Fig.  3A ,B). Pax2 transcripts extend in both territories although this expression forms a bilateral gradient with the peak in the zone negative for both Otx2 and Gbx2 (Fig. 3C) . The dorsolateral region of the otocyst (arrowheads in Fig. 3A±  C) , that will give rise mainly to the semicircular canals, de®nes an additional domain, negative for the three transcription factors. Fgf8 expression is now present, with low intensity, in some cells of the ventromedial region of the rostral vesicle (Fig. 3D ), but absent from caudal levels where the AVG is not present (Fig. 4) . Pax2 transcripts are excluded from a small portion of the otic epithelium in contact with the AVG (Fig. 4A,B for stage 17) . However, as illustrated in frontal sections, this Pax2 negative area concerns only the rostralmost levels ( Fig. 4C ) since at central levels ( Fig. 4D ) cell detachment takes place in the Pax2 positive domain. Note that at rostral and medial levels, some AVG cells also express this gene (arrows in Fig.  4C,D) . Note that with the exception of Fgf8, the other three genes are expressed in the otic epithelium. Gbx2 expression is restricted to medial regions of the otic placode, in contact to the neural tube (NT), while Otx2 transcripts are restricted to the latero-ventral regions. Pax2 transcripts are found throughout the otic epithelium, although this expression is higher in its medial than in its ventral portions, the boundary between these two Pax2 positive domains is pointed by the arrow in (C). Pax2 transcripts are also found in ventral, non otic ectoderm (arrowhead in C). The arrowhead in (B) points to the rhombencephalic roof plate, positive for Otx2 and those in (D) to the endodermal and ectodermal areas positive for Fgf8. Magni®cation: £95. Fig. 3 . Stage 17. Serial frontal sections (dorsal is up) passing through the already closed otic vesicle (ov). The used probes are noted in each ®gure. As at stage HH14, Gbx2 and Otx2 expressions are restricted respectively to medial and ventro-lateral areas of the otic epithelium, while Pax2 expression includes both Gbx2 and Otx2 positive domains, although the intensity of the labeling is again higher in dorso-medial regions. The arrowheads in (A±C) point to the lateral areas negative for these three genes. Low Fgf8 expression is present in the area pointed by the arrows in (D). NT, neural tube. Magni®cation: £125. The relationship between Gbx2, Otx2 and Fgf8 and the formation of the AVG is illustrated in preparations double stained with pairs of these genes (Fig. 5) . Fgf8 expression is always found in relation with the AVG (dotted lines in all the ®gures) and never appears at more caudal levels, where there is no cell migration (not shown). Gbx2 (Fig. 5B,D,F) is expressed throughout the otic epithelium from rostral to caudal, and is always contiguous with Fgf8 positive domain. Conversely, Otx2 expression, absent from rostral otic vesicle (Fig. 5A) , is detectable at central levels ( Fig. 5C ) and show its maximal expression at caudal levels (Fig. 5E) . At central levels, Otx2 and Fgf8 positive domains are apart and the cells that migrate to form the AVG process from the negative area in between (Fig. 5C ). At caudal levels, both expressing domains abut and possibly overlap, coinciding with regions without cell detachment (Fig. 5E ).
Methods
Chick embryos ranging from stage 9 to 21 of Hamburger and Hamilton (1951) were obtained accordingly to routine procedures. Probes and protocols for single and double hybridization are fully described in Hidalgo-Sa Ânchez et al. (1999b) . For semithin sections report to Alvarez et al. (1989) .
